1. Introduction
===============

Preterm delivery (gestational age \< 37 weeks) which leads to mortality and morbidity in the neonatal period is one of the important issues in obstetrics ([@b1-epj-09-5434]). The frequency of preterm delivery was an estimated 9.6% in 2005 by World Health Organization (WHO), while its risk was 18% in some areas in 2014 ([@b2-epj-09-5434]). Among the various risk factors that play an important role in preterm delivery, maternal genitourinary infection is a controllable and preventable one ([@b3-epj-09-5434]). Maternal rectovaginal organisms play an important role in the incidence of early-onset neonatal sepsis ([@b4-epj-09-5434]). The pattern of sepsis-causing organisms is different from one place to another and even only in one place during various periods. For example, the most common organism was group B streptococcus (GBS) in Western countries ([@b5-epj-09-5434], [@b6-epj-09-5434]). While they were E. coli, Klebsiella, and Acinetobacter in India and Enterobacter in Iran ([@b7-epj-09-5434], [@b8-epj-09-5434]). Prematurity and low-birth weight among neonatal risk factors are very important in the incidence of early-onset neonatal sepsis because the protective function of the skin and epithelial surfaces are less than normal in premature infants ([@b1-epj-09-5434]). Bacteria causing early-onset neonatal sepsis have significantly changed over time. Regional differences affect types of bacteria causing sepsis. Few bacteria, including GBS and E. coli have been identified as the main pathogens in neonatal sepsis ([@b5-epj-09-5434], [@b9-epj-09-5434]). However, recent epidemiologic studies have suggested that the incidence of early-onset neonatal sepsis caused by GBS is reduced. These changes directly depend on the screening of mothers at 35--37 weeks of gestational age and prescribing the prophylactic antibiotics to mothers with the high-risk factor and positive culture. The use of prophylactic antibiotics reduces the risk of early-onset sepsis (EOS) caused by GBS during labor ([@b6-epj-09-5434]). Although, GBS is still considered one of the main pathogens causing sepsis ([@b10-epj-09-5434]). E. coli is the second most common pathogen and causes 24% EOS of which 81% is related to premature infants. E. coli is the most common pathogen and responsible for 33.4% of early-onset neonatal sepsis only in very low birth weight (VLBW) infants. This pathogen is commonly colonized in the vagina of the mother and it is possible for neonates to be infected with this organism in the peripartum period ([@b5-epj-09-5434]). Today, due to the increase of the preterm births ([@b11-epj-09-5434]) and increased survival rate of these infants and the great diversity of organisms in different regions, the aim of this study was to determine the rectovaginal colonization in pregnant women in the status of preterm deliveries for choosing logically the empirical antibiotic treatment in neonatal sepsis and providing more information for obstetricians to perform antibiotic therapy in situations such as prolonged rupture of membrane. This cross-sectional study was done during 2014 through Oct 2016. All pregnant women with the gestational age of \>26 weeks, labor pain and no history of antibiotic therapy during one week before admission, hospitalized in Ayatollah Rouhani Hospital in Babol, Northern Iran, were entered into the study by receiving an informed consent form. Exclusion criteria were vaginal bleeding and antibiotic usage during the previous week. The recent study protocol was approved by the ethics committee of Babol University of Medical Sciences (ID: 9031015). On admission, one swab from the lower third of the vagina and another from the rectum (two samples) were taken using sterile cotton applicators for all mothers by a trained midwife and then sent to the laboratory in the Stuart transport medium within 24 hours. Then, the samples were cultured on main media such as: Eosin Methylene Blue (EMB), chocolate agar, MacConkey and blood ager. After growth of bacteria, the smear was prepared and gram staining was done to differentiate their shapes. Additional tests such as fermentation of sugar or enzymes and other tests of differentiation were carried out to observe gram-positive and negative cocci, coccobacillus or bacilli. Data were analyzed using SPSS 16. The variables were compared between two groups by chi-squared test, Fisher′s exact test and logistic regression. P\<0.05 was statistically considered significant.

2. Material and Methods
=======================

This cross-sectional study was done during 2014 through Oct 2016. All pregnant women with the gestational age of \>26 weeks, labor pain and no history of antibiotic therapy during one week before admission, hospitalized in Ayatollah Rouhani Hospital in Babol, Northern Iran, were entered into the study by receiving an informed consent form. Exclusion criteria were vaginal bleeding and antibiotic usage during the previous week. The recent study protocol was approved by the ethics committee of Babol University of Medical Sciences (ID: 9031015). On admission, one swab from the lower third of the vagina and another from the rectum (two samples) were taken using sterile cotton applicators for all mothers by a trained midwife and then sent to the laboratory in the Stuart transport medium within 24 hours. Then, the samples were cultured on main media such as: Eosin Methylene Blue (EMB), chocolate agar, MacConkey and blood ager. After growth of bacteria, the smear was prepared and gram staining was done to differentiate their shapes. Additional tests such as fermentation of sugar or enzymes and other tests of differentiation were carried out to observe gram-positive and negative cocci, coccobacillus or bacilli. Data were analyzed using SPSS 16. The variables were compared between two groups by chi-squared test, Fisher′s exact test and logistic regression. P\<0.05 was statistically considered significant.

3. Results
==========

Sampling was successfully conducted in 511 singleton pregnant women in the current study. The participants were 16 to 43 years old. Their mean age was 25.78±5.55 years and mean gestational age was 38.07±2.32 weeks. In total, 369 (72.2%) women delivered vaginally and 142 (27.8%) by caesarean section. Among them, 417 (81.6%) women had term (≥37 weeks) and 94 (18.4%) preterm (\<37 weeks) deliveries. The results of culture indicated 13 species of bacteria and fungi. The frequency distribution of bacteria in different cultures based on term and preterm delivery is illustrated in [Table 1](#t1-epj-09-5434){ref-type="table"}. Overall, Staphylococcus epidermidis and E. coli were the most common organisms. Among gram-negative bacteria, E. coli and Enterobacter Cloacae were more abundant than others. Frequency of E. coli in term and preterm was 52.5% (219 of 417) and 68.1% (64 of 96), respectively (CI: 0.39--0.86, RR=0.58, p=0.006). Among gram-positive bacteria, Staphylococcus epidermidis and GBS were more abundant than others. Frequency of GBS in term and preterm was 13.7% (57 of 417) and 3.2% (3 of 94), respectively (CI: 1.32--12.34, RR=4.03, p=0.004).

4. Discussion
=============

In the present study, Staphylococcus epidermises and E. coli were the most common organisms separated from rectovaginal cultures of pregnant women, while E. coli and after that Enterobacter Cloacae, were the most common isolated organisms among gram-negative bacteria so that the risk of E. coli separation was half in term delivery than preterm. Among gram-positive organisms, Staphylococcus epidermises as the normal flora of mucosa and then GBS were respectively obtained from the cultures. Isolated GBS was almost four times in term than preterm delivery. Several types of research have acknowledged that although intrapartum antibiotic prophylaxis (IAP) can reduce EOS caused by GBS to 3--4% per 1000 live births, E. coli is already the most abundant pathogen in EOS among VLBW neonates ([@b12-epj-09-5434]). It should be noted, despite the fact there is increased gentamicin and ampicillin resistance in E. coli isolates, this therapy is adequate for empirical coverage of EOS ([@b13-epj-09-5434], [@b14-epj-09-5434]). Stoll et al. conducted a study on EOS in neonates and concluded that 73% of isolated GBS was in term babies whereas 81% of isolated E. coli was in preterm and VLBW infants, and the highest mortality rate belonged to E. coli infection ([@b9-epj-09-5434]). In research on insolated organism of mothers with preterm deliveries by other researches, ureaplasma urealyticum, mycoplasma hominies, Gardnerella, chlamydia, Tricomonas and GBS were more common ([@b11-epj-09-5434], [@b15-epj-09-5434], [@b16-epj-09-5434]). These different results, compared to the current study, may be due to the regional differences and socioeconomic status. Different studies in Iran on the causes of EOS suggested that Enterobacter was the most common organism in term and preterm neonates ([@b8-epj-09-5434],[@b17-epj-09-5434]). Since the bacterial cause of EOS is transmitted by mothers, it seems that gram-negative bacteria are the most common pathogens, as in the present study, Enterobacter was the second most common gram-negative organism. Nili et al. evaluated EOS in newborns and demonstrated that aerobic and anaerobic organisms occurred in 75% and 25% of EOS, respectively ([@b14-epj-09-5434]). A large number of sepsis cases are caused by coagulase--negative staphylococci (CONS) and Staphylococcus aureus; also, other gram-positive within 20% and gram-negative organisms less than before can cause sepsis ([@b18-epj-09-5434],[@b19-epj-09-5434]), while these two organisms had a lower frequency in term and preterm infants in the present study. Prematurity is one of the important risk factors for neonatal sepsis and maternal infection including UTI is the most common cause of preterm delivery ([@b20-epj-09-5434]--[@b22-epj-09-5434]). Paying attention to the infectious factors (especially gram-negative ones, mostly E. coli) in mothers can not only reduce the risk of preterm delivery but also prevent the incidence of early-onset neonatal sepsis. Therefore, investigation of other risk factors and especially other bacteria that we did not assess are recommended. Moreover, consideration of resistant to antibiotics for detecting effective drugs is very useful. The limitation of our study was positive history of systemic antibiotic administration in some pregnant women over a long period of time before admission into our study, which caused the cultures to be negative.

5. Conclusions
==============

Based on our findings, the frequency of E. coli and other gram-negative bacteria were higher in preterm delivery groups which indicates the need to assess the efficacy of chemoprophylaxis in situations such as prolonged rupture of membrane, and preterm delivery. Also, it could help the better understanding of management of preterm delivery, and allow health care providers to minimize neonatal mortality.
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###### 

Frequency of maternal rectovaginal microorganisms (by term & preterm)

  Organism                       Overall; n (%)   Term (≥37); n (%)   Preterm (\<37); n (%)   p-value
  ------------------------------ ---------------- ------------------- ----------------------- ---------
  EnterobacterCloace             190 (37.2)       150 (36)            40 (42.6)               0.233
  Staphylococcus Epidermis       285 (55.8)       231 (55.4)          54 (57.4)               0.718
  E-coli                         283 (55.4)       219 (52.5)          64 (68.1)               0.006
  GBS                            60 (11.7)        57 (13.7)           3 (3.2)                 0.004
  EnterobacterAerogen            39 (7.6)         32 (7.7)            4 (7.4)                 0.940
  Candida Albicans               50 (9.8)         43 (10.3)           7 (7.4)                 0.398
  Staphylococcus aureus          19 (3.7)         18 (4.3)            1 (1.1)                 0.132
  Staphylococcus saprophyticus   35 (6.8)         30 (7.2)            5 (5.3)                 0.516
  Other cons                     2 (0.4)          1 (0.2)             1 (1.1)                 0.248
  Pseudomonas                    3 (0.6)          1 (0.2)             2 (2.1)                 0.030
  Enterococci                    2 (0.4)          1 (0.2)             1 (1.1)                 0.248
  Klebciella                     3 (0.6)          2 (0.5)             1 (1.1)                 0.503
  Bacillus                       1 (0.2)          1 (0.2)             0 (0)                   0.635
